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Abstract Cyclooxygenase-2 (COX-2) is an inducible
enzyme converting arachidonic acid to prostaglandins and
playing important roles in cancer etiology. The —765G>C
and 8473T>C polymorphisms have been implicated in
cancer risk. However, the results on the association
between the two COX-2 polymorphisms and cancer risk
are conflicting. To derive a more precise estimation of the
association between them, we performed a meta-analysis of
8,090 cancer cases and 11,010 controls concerning
—765G>C polymorphism and 14,283 cancer cases and
15,489 controls concerning 8473T>C polymorphism from
33 case—control studies. We used odds ratios (ORs) with
95% confidence intervals (CIs) to assess the strength of the
association. Overall, individuals with the —765GC or GC/
CC genotypes were associated with higher cancer risk than
those with the —765GG genotype and in the stratified
analysis this effect maintained in colorectal carcinoma or
esophageal cancer of Asian descents. Overall, no signifi-
cant cancer risk of 8473T>C polymorphism was found.
Stratified by cancer types, the variant 8473CC was
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associated with a decreased risk in breast cancer, compared
with the TT or TC/TT genotypes and in lung cancer sub-
group after sensitive analysis, there was a decreased risk in
CC versus TT, TC versus TT and the dominant models.
Moreover, a decreased risk of lung cancer was observed
among smokers in the dominant model. In summary, this
meta-analysis suggesting that —765G>C may cause an
increased risk of colorectal carcinoma and esophageal
cancer in Asian descents while 8473T>C polymorphism
may cause a decreased risk of breast and lung cancer.
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Abbreviations
OR Odds ratio
CI  Confidence interval

Introduction

Cyclooxygenase-2 (COX-2) is an inducible enzyme that
converts arachidonic acid to prostaglandins, which are
potent mediators of inflammation. Through the production
of prostaglandins, COX-2 is hypothesized to influence
carcinogenesis by promoting cell proliferation, inhibiting
apoptosis, stimulating angiogenesis, and mediating
immune suppression [1-4]. Accumulating evidence has
showed that increased expression of COX-2 favors
malignant progression [4-7]. There are different poly-
morphism sites in the COX-2 gene located in 1q25.2—
q25.3. Two of these polymorphisms, rs20417(—765G>C)
and 1s5275(8473T>C) are the most extensively studied
polymorphisms, especially in digestive tract cancers and
lung cancer respectively.
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Recently, there are 19 studies investigated the role of
—765G>C polymorphism on the risk of various types of
cancer including colorectal carcinoma [8-11], gastric
cancer [12, 13], esophageal cancer [14, 15], breast cancer
[16, 17], oral cancer [18, 19], prostate cancer [20, 21], and
other cancers [22-26] and 23 studies investigated the role
of 8473T>C polymorphism on the risk of various types of
cancer including lung cancer [27-32], breast cancer [16,
17, 33], prostate cancer [20, 34, 35], esophageal cancer [15,
36], and other cancers [13, 22, 23, 37-39]. However, the
results of these studies remain controversial. In consider-
ation of the extensive role of COX-2 in carcinogenesis
process, we conduct a meta-analysis on 33 eligible case—
control studies to evaluate the association between these
two polymorphisms and cancer susceptibility.

Materials and methods
Identification of eligible studies

Pubmed and Embase were searched using the search terms
(last search was updated 26 March 2009): “PTGS2”,
“polymorphism*” and “cancer and/or Neoplasms[Mesh]”.
The search was limited to English language papers. All
relevant publications were reviewed. And the articles in
reference lists were also hand-searched for potentially
relevant publications. When more than one of the same or
overlapping population was included in several studies,
only the most recent or complete study was used for this
meta-analysis.

Inclusion criteria

All human-associated studies, regardless of sample size,
were included if they met the following criteria: (a) eval-
uation of —765G>C or 8473T>C polymorphism of COX-2
and cancer risk. (b) case—control studies. (c) sufficient data
for examining an Odds ratio (OR) with 95% confidence
interval (CI). (d) conforming Hardy—Weinberg equilibrium
in the control group.

Data extraction

Two investigators extracted data independently and reached
a consensus on all the items. For each study, the following
characteristics were collected: the first author’s last name,
year of publication, country of origin, ethnicity, matching
conditions, numbers of genotyped cases and controls, source
of control groups (population- or hospital-based controls),
genotyping methods and quality control. Different ethnic
descents were categorized as European, Asian, African or
Mixed that included more than one ethnic descent. For
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studies including subjects of different ethnic groups, data
were extracted separately for each ethnic group whenever
possible [20, 21]. In —765G>C or 8473T>C polymorphism
studies, those just presenting the information for genotypes
of GG and GC+CC [11, 19] or TT and TC+CC [33],
without data for three genotypes, we can only calculate the
OR for dominant genetic model. In —765G>C polymor-
phism studies, overall, there are five studies with zero
sample size of CC genotype both in case and control groups,
we can only calculate 12 studies under CC versus GG and
recessive genetic models. There are two studies [8, 10] with
zero sample size of CC genotype both in case and control
groups in all three colorectal carcinoma subgroup studies,
the effects under CC versus GG and recessive genetic
models are not available. There is one study [14] with zero
sample size of CC genotype both in case and control groups
in all two esophageal cancer subgroup studies, the effects
under CC versus GG and recessive genetic models are also
not available. There are two studies with zero sample size of
CC genotype both in case and control groups concerning
oral cancer [18] and pancreatic cancer [26] respectively in
all six other cancers subgroup studies, the effects under CC
versus GG and recessive genetic models are calculated
based on the other four studies. There are five studies with
zero sample size of CC genotype both in case and control
groups in all eight Asian subgroup studies, the effects under
CC versus GG and recessive genetic models are calculated
based on the other three studies.

Statistical analysis

The strength of the association between the —765G>C and
8473T>C polymorphisms and cancer risk was measured by
ORs with 95% confidence intervals (Cls). The statistical
significance of the summary OR was determined with the Z
test. For the —765G>C polymorphism, we first estimated
the risks of the GC and CC genotypes on cancers, com-
pared with the wild-type GG homozygote. Then risk of
CC+GC versus GG and CC versus GC+GG on cancers
were evaluated in dominant and recessive effects, respec-
tively. For the 8473T>C polymorphism, we evaluated the
same effects. We also carried out the stratified analysis by
cancer types and ethnicity (If only one cancer type is
included in the meta-analysis, it is combined into the
“Other Cancers” group).

Heterogeneity was evaluated by y*-based Q test among
the studies (P < 0.10 was considered significant). When
the heterogeneity was present, the random-effects model
was used to calculate the pooled ORs [40], whereas the
fixed-effects was used in its absence [41]. Sensitivity
analyses were performed to assess the stability of the
results. Funnel plots was drawn to estimate the potential
publication bias, in which the standard error(SE) of
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log(OR) of each study was plotted against its log(OR). The
funnel plot asymmetry was assessed by Egger’s test [42].
The significance of intercept was determined by #-test
suggested by Egger, and P < 0.05 was considered repre-
sentive of statistically significant publication bias.

All statistical test for this meta-analysis were performed
with STATA version 9.0 (Stata Corporation College Sta-
tion, TX), the Review Manager version 4.2 (The Cochrane
Collaboration, Oxford, England) and SAS (version 9.1;
SAS Institute, Cary, NC).

Results

Study characteristics

A total of 33 studies were retrieved based on the search
criteria for cancer susceptibility related to the —765G>C

and 8473T>C polymorphisms. The main study character-
istics were summarized in Tables 1 and 2. There are 19

case—control studies with 8,090 cancer cases and 11,010
controls concerning —765G>C polymorphism including
two studies without the information for all three genotypes
either in case or control group [11, 19] and 23 case—control
studies with 14,283 cancer cases and 15,489 controls con-
cerning 8473T>C polymorphism including one study [33]
just presenting the information for genotypes of TT and
TC+CC. For the —765G>C polymorphism, there were 10
studies of Asian descendents with one study [19] just pre-
senting the information for genotypes of GG and GC+CC
and one study [11] presenting the information for three
genotypes only in control group, seven studies of European
descendents without one study [21] because of uncon-
forming of Hardy—Weinberg equilibrium in the control
group when separately extracted for the European ethnic
group and two studies of African descendents. For the
8473T>C polymorphism, six studies were of Asian
descendents, 13 of European descendents and four of mixed
descendents with one study [33] just presenting the infor-
mation for genotypes of TT and TC+CC.

Table 1 Characteristics of studies of —765G>C polymorphism included in this meta-analysis

First author (reference) Year Country Race Cases Controls Puwe Frequency C
allele in controls

Colorectal carcinoma

Tan et al. [8] 2007 China Asian 1,000 1,300 Conformed 0.0242

Xing et al. [9] 2008 China Asian 137 199 Conformed 0.0779

Hamajima et al. [10] 2001 Japan Asian 148 241 Conformed 0.0228

Koh et al. [11] 2004 Singapore Asian 310 1,177 0.43 0.0484

Gastric cancer

Pereira et al. [12] 2006 Portugal European 73 210 Conformed 0.2214

Hou et al. [13] 2007 Poland European 290 409 0.66 0.1614

Esophageal cancer

Zhang et al. [14] 2005 China Asian 1,026 1,270 Conformed 0.0217

Upadhyay et al. [15] 2009 India Asian 174 216 Conformed 0.1829

Breast cancer

Gao et al. [16] 2009 China Asian 601 643 Conformed 0.049

Cox et al. [17] 2007 USA Mixed 1243 1715 Conformed 0.1676

Oral cancer

Chiang et al. [18] 2008 China Asian 178 205 Conformed 0.0951

Lin et al. [19] 2007 China Asian 297 280 Conformed NA

Prostate cancer

Cheng et al. [20] 2007 USA European/African 416/89 417/88 Conformed 0.1619/0.3523

Panguluri et al. [21] 2004 USA European/African 90/124 90/163 >0.05 NA/0.0276

Other cancers

Vogel et al. [22] 2007 Denmark European 304 315 Conformed 0.1238

Yang et al. [23] 2008 USA European 619 627 0.02 0.177

Peters et al. [24] 2008 Netherlands European 428 433 0.3 0.1443

Pereira et al. [25] 2007 Portugal European 150 226 Conformed 0.2035

Zhao et al. [26] 2009 China Asian 393 786 Conformed 0.0191

HWE Hardy—Weinberg equilibrium, NA not available
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Table 2 Characteristics of studies of 8473T>C polymorphism included in this meta-analysis

First author (reference) Year Country Race Cases Controls Puwe Frequency C
allele in controls
Lung cancer
Hu et al. [27] 2004 USA Asian 322 323 0.113 0.1873
Park et al. [28] 2006 UK Asian 582 582 0.55 0.244
Campa et al. [29] 2004 Finland European 256 214 Conformed 0.465
Campa et al. [30] 2005 Germany European 1965 1937 Conformed 0.3511
Sorensen et al. [31] 2005 USA European 256 268 >0.2 0.3358
Vogel 2 et al. [32] 2007 Finland European 403 744 Conformed 0.3542
Breast cancer
Gao et al. [16] 2009 China Asian 601 643 Conformed 0.182
Cox 1 et al. [17] 2007 USA Mixed 1249 1611 Conformed 0.3492
Cox 2 et al. [17] 2007 USA Mixed 301 610 Conformed 0.3451
Cox 3 et al. [17] 2007 USA Mixed 644 651 Conformed 0.3472
Shen et al. [33] 2006 USA Mixed 1060 1102 Conformed NA
Prostate cancer
Shahedi et al. [34] 2006 Sweden European 1347 757 >0.05 0.356
Cheng et al. [20] 2007 USA European 416 417 >0.01 0.3177
Danforth 2 et al. [35] 2007 USA European 1137 1135 >0.05 0.3308
Danforth et al. [35] 2007 USA European 1429 1465 >0.05 0.3232
Esophageal cancer
Upadhyay et al. [15] 2009 India Asian 174 216 Conformed 0.3889
Ferguson et al. [36] 2008 UK European 209 248 Conformed 0.3246
Other cancers
Vogel et al. [22] 2007 Denmark European 304 315 Conformed 0.3048
Sakoda et al. [37] 2005 China Asian 236 778 >=0.01 0.1658
Yang et al. [23] 2008 USA European 623 633 0.27 0.3807
Lee et al. [38] 2007 Korean Asian 175 153 0.92 0.1765
Cox et al. [39] 2004 Spain European 290 271 Conformed 0.3137
Hou et al. [13] 2007 Poland European 304 416 0.18 0.3606

HWE Hardy—Weinberg equilibrium, NA not available

Cancers were confirmed histologically or pathologically
in most studies. Of the 33 studies, 17 studies used fre-
quency-matched controls to the cases by the age, sex or
ethnicity.

Quantitative synthesis
COX-2 —=765G>C

We observed a wide variation of the —765C allele fre-
quencies across different ethnicities. The frequency of
—765C allele was 6.01% (95% CI: 1.92-10.11) among
Asian controls, which was significantly lower than that in
European controls (17.04%; 95% CI: 13.95-20.15,
P < 0.000; Table 3, Fig. 1a).

Overall, the variant —765GC heterozygote was associated
with a significantly increased risk of all cancer types, com-
pared with the GG (OR = 1.33, 95% CI: 1.10-1.61,
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P = 0.003, Pheterogeneity < 0.00001), and this positive asso-
ciation maintained in colorectal carcinoma (OR = 1.44,
95% CI: 1.09-191, P <0.0001, Pheterogencity = 0.13),
esophageal cancer (OR = 2.07, 95% CIL. 1.59-2.71,
P < 0.00001, Ppeterogeneity = 0.37), and Asian descents
(OR = 1.68, 95% CI: 1.44-1.96, P < 0.00001, Preerogene-
iy = 0.07) subgroups analyses. Similarly, this significant
association maintained under dominant genetic model
(CC+GC versus GG) both in overall (OR = 1.32, 95%
CI: 1.10-1.58, P =0.003, Pheterogencity < 0.00001) and
colorectal carcinoma (OR = 1.44, 95% CI. 1.09-1.91,
P =0.01, Preterogencity = 0.14),  esophageal  cancer
(OR =197, 95% CI: 1.51-2.56, P < 0.00001, Pheerogene-
ity = 0.18) and Asian descents (OR = 1.65, 95% CI: 1.42—
1.93, P < 0.00001, Pheterogeneity = 0.03) subgroups analyses
(Table 4). In addition, in colorectal carcinoma and esopha-
geal cancer subgroups, all four and two studies were con-
cerning Asian descents.
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Table 3 Variant allele frequency of —765C and 8473C in different ethnicities

Ethnicity

No. comparisons (total sample size)

Mean % (95% CI)

—765C allele

Asian® 9 (6037)

European 7 (2637)

African® 2 (251)
8473C allele

Asian® 6 (2695)

European 13 (8820)

Mixed? 3 (2872)

6.01 (1.92-10.11)
17.04 (13.95-20.15)
19.00 (—187.29-225.28)

22.40 (13.46-31.36)
34.75 (32.25-37.26)
34.72 (34.20-35.23)

* Compared with European and African, P values = 0.0000 and 0.103, respectively

" Compared with European, P values = 0.800

¢ Compared with European and Mixed, P values = 0.0000 and 0.046, respectively

9" Compared with European, P values = 0.988

Test of heterogeneity

There was significant heterogeneity for heterozygote
comparison (GC versus GG: Preerogenciy < 0.00001) and
dominant model comparison (CC+GC versus GG: Pretero-
gencity < 0.00001), but not for homozygote comparison (CC
versus GG: Phegerogencity = 0.71) and recessive model
comparison (CC versus GC+GG: Pheterogencity = 0.64).

COX-2 8473T>C

We observed a wide variation of the 8473C allele fre-
quencies across different ethnicities. The frequency of
8473C allele was 22.40% (95% CI: 13.46-31.36) among
Asian controls, which was significantly lower than that in
European controls (34.75%; 95% CI. 32.25-37.26,
P < 0.000; Fig. 1b) and Mixed controls (34.72%; 95% CI:
34.20-35.23, P < 0.046; Table 3, Fig. 1b).

We carried out a meta-analysis of COX-2 8473T>C
polymorphism in overall, ethnic group and cancer types
under various genetic models (Table 5). Stratified by can-
cer types, the variant 8473CC homozygote was associated
with a significantly decreased risk in breast cancer, com-
pared with the TT (OR = 0.84, 95% CI: 0.70-1.00,
P = 0.05, Ppeerogenciy = 0.89) and TCHTT (recessive
model) (OR = 0.83, 95% CI: 0.70-0.98, P = 0.03, Ppeter-
ogencity = 0.90), the variant 8473TC heterozygote was
associated with a significantly decreased risk in other
cancers subgroup compared with the TT (OR = 0.86, 95%
CL 0.75-0.98, P = 0.02, Ppeterogencity = 0.43). Stratified
by ethnicities, the variant 8473CC homozygote was asso-
ciated with a significantly decreased risk in Mixed descents
subgroup, compared with the TT (OR = 0.83, 95% CI:
0.69-0.99, P = 0.04, Ppeierogenciy = 0.79) and TCH+TT
(recessive model) (OR = 0.82, 95% CI. 0.69-0.97,
P =0.02, Pheterogeneity = 0.34).
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Fig. 1 Frequencies of the variant alleles among controls stratified by
ethnicity. a COX-2 —765C. b COX-2 8473C. The “»*” and “*”
represent outlier

Test of heterogeneity

There was significant heterogeneity for homozygote com-
parison (CC versus TT: Ppeterogencity < 0.001), heterozygote
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Table 5 Stratified analyses of the COX-2 8473 T>C polymorphism on cancer risk

Genetic model®
(No. studies)

Main effects of COX-2 8473 T>C
polymorphism in cancer

Genetic model®
(No. studies)

Main effects of COX-2 8473 T>C polymorphism
in cancer

OR (95% CI) P Pheterogeneity OR (95% CI) P Pheterogeneity

Overall (23%/22)
CC+TC vs. TT" 0.97 (0.90-1.04) 0.38 0.001 - - - -
CCvs. TT 1.02 (0.86-1.20) 0.82 <0.001 - - - -
TC vs. TT 0.97 (0.90-1.04) 0.36 0.02 - - - -
CC+H+TC vs. TT 0.99 (0.92-1.07) 0.74 0.004 - - - -
CC vs. TC+TT 1.02 (0.89-1.18) 0.75 <0.001 - - - -
Cancer types Ethnicities
Lung cancer (6) Asian (6)

CCvs. TT 1.00 (0.58-1.73) 1.00 <0.001 CCvs. TT 0.95 (0.71-1.28) 0.75 0.34

TC vs. TT 0.93 (0.77-1.14) 0.49 0.008 TC vs. TT 0.90 (0.79-1.03) 0.12 0.58

CC+TC vs. TT 0.95 (0.75-1.20) 0.65 <0.001 CC+TC vs. TT 0.91 (0.80-1.03) 0.12 0.52

CC vs. TCH+TT 0.98 (0.65-1.48) 0.92 <0.001 CC vs. TCH+TT 0.96 (0.72-1.28) 0.77 0.34
Breast cancer (Sh/4) European (13)

CC+TC vs. TT® 0.96 (0.88-1.05) 0.33 0.92

CCvs. TT 0.84 (0.70-1.00) 0.05 0.89 CCvs. TT 1.16 (0.90-1.50) 0.26 <0.001

TC vs. TT 1.01 (0.91-1.13) 0.80 0.95 TC vs. TT 1.01 (0.92-1.11) 0.83 0.02

CC+TC vs. TT 0.98 (0.88-1.08) 0.66 0.95 CC+TC vs. TT 1.03 (0.91-1.17) 0.66 <0.001

CC vs. TC4+TT 0.83 (0.70-0.98) 0.03 0.90 CC vs. TC4+TT 1.12 (0.93-1.34) 0.22 <0.001
Prostate cancer (4) Mixed (4b/3)

CC+TC vs. TT® 0.95 (0.87-1.05) 0.33 0.83

CCvs. TT 1.04 (0.90-1.21) 0.60 0.27 CCvs. TT 0.83 (0.69-0.99) 0.04 0.79

TC vs. TT 1.02 (0.93-1.12) 0.72 0.25 TC vs. TT 1.02 (0.91-1.15) 0.72 0.89

CCH+TC vs. TT 1.02 (0.94-1.12) 0.63 0.23 CC+TC vs. TT 0.98 (0.87-1.09) 0.69 0.83

CC vs. TC+TT 1.03 (0.90-1.19) 0.64 0.31 CC vs. TCH+TT 0.82 (0.69-0.97) 0.02 0.84
Esophageal cancer (2) Nosmoker (3°/1) all lung cancers

CCvs. TT 1.29 (0.83-1.99) 0.25 0.08 CCvs. TT - - -

TC vs. TT 1.30 (0.93-1.81) 0.12 0.53 TC vs. TT - - -

CC+4+TC vs. TT 1.28 (0.97-1.70) 0.08 0.21 CC+H+TC vs. TT 0.99 (0.47-2.08) 0.99 0.04

CC vs. TCH+TT 1.12 (0.75-1.68) 0.57 0.11 CC vs. TCH+TT - - -
Other cancers (6) Smoker (3%1) all lung cancers

CCvs. TT 1.21 (0.80-1.81) 0.37 0.02 CCvs. TT - - -

TC vs. TT 0.86 (0.75-0.98) 0.02 0.43 TC vs. TT - - -

CC+TC vs. TT 0.90 (0.79-1.01) 0.08 0.13 CC+TC vs. TT 0.67 (0.55-0.83) 0.0002 0.44

CC vs. TCH+TT 1.36 (0.91-2.02) 0.14 0.02 CC vs. TCH+TT - - -

% CCHTC vs. TT dominant model; CC vs. TC+TT, recessive model

® For these just presenting the information for genotypes of TT and TC+CC, dominant model was calculated only

comparison (TC versus TT: Ppeerogeneity = 0.02), dominant
model comparison (CCH+TC versus TT: Ppeerogene-
ity = 0.004) and recessive model comparison (CC versus
TCHTT: Pheterogencity < 0.001).

Gene—environment interaction

The data on genotypes of the —765G>C among cases and
controls stratified by smoking status were available in three
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studies that investigated colorectal carcinoma [9], esopha-
geal cancer [14] and pancreatic cancer [26], respectively,
while study investigating colorectal carcinoma just pre-
senting the information for genotypes of GG and GC+CC.
The smoking status information of esophageal cancer study
[14] was extracted from another paper by the same author
[43]. There are 928 cases and 1,323 controls in smoker
group, and 596 cases and 932 controls in non-smoker
group. Among smokers in all three studies, there was a
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significantly increased cancer risk under dominant model
(OR 231, 95% CI: 1.63-3.28, P < 0.00001, Preterogene-
ity = 0.18), but this effect was not present in non-smokers
in all three studies. Among both smokers and non-smokers,
in esophageal cancer and pancreatic cancer studies, indi-
viduals with the GC genotype had a significantly increased
cancer risk, compared with the GG genotypes (OR 2.62,
95% CI: 1.79-3.82, P < 0.00001, Ppeterogencity = 0.49),
(OR 2.10, 95% CL 1.35-3.26, P = 0.001, Pheterogene-
ity = 0.14), respectively. And this effect was also present
under dominant model (Table 4) in these two studies. The
results under the CC versus GG and recessive model were
unavailable because the sample size of CC in all the two
studies was zero in both case and control groups [14, 26].

The data on genotypes of the 8473T>C among cases and
controls stratified by smoking status were available in three
studies [27, 30, 32] that were all investigating lung cancer,
while only one study presenting the information for all
three genotypes of TT, TC and CC. So only dominant
model could be meta-analyzed, There are 2,379 cases and
1,863 controls in smoker group, and 307 cases and 1,128
controls in non-smoker group and only in smokers in these
three studies, there was a significantly decreased cancer
risk under dominant model (OR = 0.67, 95% CI: 0.55-
0.83, P = 0.0002, Ppeterogencity = 0.44) (Table 5).

Sensitivity analyses
COX-2 —765G>C

Sensitivity analyses indicated that only one independent
studies by Yang et al. [23] was the main origin of the het-
erogeneity in the other cancers subgroups. The heteroge-
neity was effectively removed after exclusion of study by
Yang et al. in other cancers subgroup and the effect also had
a significant change under both GC versus GG and domi-
nant model (OR = 1.48, 95% CI: 1.07-2.06, P = 0.02,
Preterogeneity = 0.01), (OR =145, 95% CI: 1.04-2.02,
P = 0.03, Pheterogencity = 0.01), respectively. In addition,
no single study influenced the overall OR qualitatively as
indicated by sensitivity analyses.

COX-2 8473T>C

Sensitivity analyses indicated that only one independent
studies by Campia et al. [30] was the main origin of the
heterogeneity in lung cancer subgroup. The heterogeneity
was effectively removed after exclusion of study by
Campia et al. [30] in lung cancer subgroup and the effect
also had a significant change under CC versus TT, TC
versus TT and the dominant models (OR = 0.83, 95% CI:
0.70-0.98, P = 0.03, Ppeterogencity = 0.55), (OR = 0.88,
95% CI: 0.80-0.97, P = 0.01, Ppeterogencity = 0.60) and

(OR = 0.87, 95% CI: 0.79-0.96, P = 0.004, Ppeierogene-
iy = 0.51), respectively. In addition, no single study
influenced the overall OR qualitatively as indicated by
sensitivity analyses.

Publication bias

Begger’s funnel plot and Egger’s test were conducted to
assess the publication bias of literatures. The shape of
funnel plots did not reveal any evidence of funnel plot
symmetry. The statistical results still did not show publi-
cation bias (P > 0.05, for all).

Discussion

The present meta-analysis 8,090 cases and 11,010 controls
concerning the —765G>C polymorphism in the promoter
region of COX-2, 14,283 cases and 15,489 controls con-
cerning the 8473T>C polymorphism in the 3'UTR region of
COX-2, were included, respectively. And we explored the
association between these two potentially functional poly-
morphisms of COX-2 and cancer risk. We found that the
variant heterozygote of the COX-2 —765G>C polymor-
phism were significantly associated with cancer risk in
overall comparisons, compared with the wild homozygote,
and the similar significant relationship maintained under
dominant genetic model. No significant association between
COX-2 8473T>C polymorphism and cancer risk was found
under all four genetic models in overall comparisons. COX-
2 promoter region contains multiple regulatory ele-
ments, such as nuclear factor-kb (NF-xB) binding site,
nuclear factor interleukin-6(NF-IL6)/CCAAT/enhancer-
binding protein(C/EBP) binding site, cyclic AMP-response
element (CRE) and activation protein 1 (AP-1). The regu-
lation of COX-2 gene expression could involve complex
interaction among them [44]. As for —765G>C polymor-
phism of COX-2, conflicting results were reported, previous
studies suggested that —765G>C polymorphism in 5'UTR,
a potentially functional variant, may eliminate an Spl-
binding site but create an E2F binding site, which results in
reduced or increased COX-2 expression [45—47]. There
were some studies showed that the 3'UTR of the murine
gene for COX-2 contains several regulatory elements
altering mRNA stability and translation efficiency [48],
which play an important role in degradation, stabilization,
and translation of the transcripts [49, 50]. Therefore, poly-
morphisms in 3'UTR of COX-2 may modify the binding
affinity of regulatory factors and alter expression of COX-2,
and subsequently influence susceptibility to cancers.

As for —765G>C polymorphism of COX-2, our result
showed only in the colorectal carcinoma and esophageal
cancer subgroups of Asian descents, under GC versus GG

@ Springer



286

Mol Biol Rep (2010) 37:277-288

or the dominant model, a significantly high cancer risk was
found, while no significant association was found in other
cancers under all four genetic models, such as gastric
cancer, prostate cancer, breast cancer. Since studies have
indicated that COX-2 is up-regulated in various cancers:
breast, colon, lung, pancreas, esophagus and prostate [2,
51-56] and the contradictive effects of —765G>C poly-
morphism on COX-2 expression, the factor that would
contribute to this discrepancy is that —765G>C polymor-
phism might play a different role in different cancers. As
for 8473T>C polymorphism of COX-2, in breast cancer
subgroup a decreased risk was found under the CC versus
TT and the recessive models, in other cancers subgroup
under the TC versus TT model a decreased risk was also
found, although the association between C allele and lung
cancer was inverse, but sensitivity analyses indicated dra-
matic change when exclusion of study by Campia et al.
[29] whose sample size was limited, and it showed that the
8473CC genotype may decrease risk of lung cancer in an C
allele dose-response manner. And Since previous study has
indicated that COX-2 is up-regulated in breast cancer and
lung cancer and a recent study showed that a common SNP
(T8473C) in the 3’'UTR of the COX-2 gene was shown to
be associated with the alteration of mRNA level of the
gene, because sequences within the 3'UTR of the COX-2
gene are important for enhancing mRNA translation as
well as for translational silencing, we supposed that COX-2
8473T>C polymorphism may reduce cancer risk by
translational silencing on post-transcription levels of COX-
2, for instance a new target site for MicroRNAs could be
created by this polymorphism.

We found an evidence for the association between the —
765G>C polymorphism and increased cancer risk among
Asians but not among Europeans and Africans under GC
versus GG and dominant models. In addition, the 8473T>C
polymorphism was associated with an decreased cancer
risk among mixed descendents but not among Europeans or
Asians in CC versus TT and recessive models, suggesting a
possible role of ethnic differences in genetic backgrounds
and the environment they lived in [57]. The influence of
these two genetic variants may be masked by the presence
of other as-yet unidentified causal genes involved in cancer
development. Other factors such as selection bias, different
matching criteria may also play a role. The above differ-
ences may account for the inconsistent results. In addition,
there are few reported studies using African populations for
COX-2 polymorphisms research. So it is also probably that
the observed ethnic differences may due to chance because
studies with small sample size may have insufficient sta-
tistical power to detect a slight effect. Therefore, additional
studies are warranted to further validate ethnic difference
in the effect of these two functional polymorphisms on
cancer risk, especially in Africans.
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Apparent gene—environment interaction was also
observed between the —765G>C and tobacco smoking and
the risk of cancer was higher among smokers than among
non-smokers. While interestingly, a decreased lung cancer
risk was found under the dominant model in 8473T>C
polymorphism among smokers not among non-smokers (all
three studies concerning lung cancer). Studies have shown
that COX-2 could be induced by cigarette smoke conden-
sate in vitro and by tobacco-specific-carcinogen-nitrosa-
mine4-(methylnitrosamino)- 1-(3-pyridyl)-1-buta-
none(NNK) in mice [58, 59], which may play an important
role in cigarette smoke-induced carcinogenesis. Emerging
evidence suggests that COX-2 enzyme plays an important
role in lung carcinogenesis [60]. So 8473T>C polymor-
phism may play a protective effect in lung on reducing high
COX-2 levels caused by cigarette smoking among
smokers.

Some limitations of this meta-analysis should be
addressed. First, lacking of the original data of the
reviewed studies limited our further evaluation of potential
interactions because the interactions among gene—gene,
gene—environment and even different polymorphic loci of
the same gene may modulate cancer risk. Second, our
result was based on unadjusted estimates, while a more
precise analysis should be conducted if more detailed
individual data were available, which would allow for an
adjusted estimate by other factors such as age and sex.
Lacking of the information for the data analysis may cause
serious confounding bias. Third, misclassifications on dis-
ease status and genotypes may also influence the results
because cases in several studies were not confirmed by
pathology or other gold standard methods, and the quality
control of genotyping was also not well documented in
some studies. Fourth, the numbers of published studies
were not sufficiently large for a comprehensive analysis,
particularly for any given cancer site. In spite of these, our
meta-analysis also had some advantages. First, substantial
number of cases and controls were pooled from different
studies, which significantly increased statistical power of
the analysis. Second, the quality of case—control studies
included in current meta-analysis was satisfactory and met
our inclusion criterion. Third, we did not detect any pub-
lication bias indicating that the whole pooled result should
be unbiased.

In summary, this meta-analysis provided evidence of the
association between the —765G>C and 8473T>C poly-
morphisms and cancer risk, suggesting that —765G>C may
cause an increased risk of colorectal carcinoma and
esophageal cancer in Asian descents while 8473T>C
polymorphism may cause a decreased risk of breast and
lung cancer. However additional large studies are
warranted to validate our findings. Future studies
should use standardized unbiased genotyping methods and
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homogeneous cancer patients and well-matched controls
and include multi-ethnic groups. Moreover, more sophis-
ticated gene—gene and gene—environment interactions
should also be considered in future analysis, which should
lead to better, comprehensive understanding of the asso-
ciation between the COX-2 polymorphisms and cancer
risk.
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